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Recent reports have revealed that storage life of fruits cultivars of apple, decay was effectively suppressed by and vegetables is extended under hypobaric conditions (1, 2.5% 02. This effect evidently was a consequence of host 4, 7, 10, 11, 13). This storage method consists of placing condition rather than a direct effect on the fungi (8). the commodity in a slowly moving stream of water-Studies on the effect of low oxygen atmospheres on saturated air maintained at hypobaric pressure (4). Under strawberry fruit showed that decay was reduced at oxygen these conditions, the commodity is degassed at a concentrations of 0.50 percent or less (6). In vitro studies controlled atmosphere environment low in oxygen. As a with strawberry decay fungi and other storage pathogens consequence, storage life is extended because the ripening (6, 9, 12) demonstrated a direct effect of such environment and senescence hormone, ethylene, escapes from the on mycelial growth and sporulation. tissue while its production and action, like other
In view of the above, how does hypobaric pressure metabolic processes, are greatly retarded (1, 4, 7, 11) .
reduce fresh produce pathological deterioration? The prolongation of storage life of perishable fresh
The aim of this work was to study the growth and commodities at hypobaric conditions can be attributed to survival of common postharvest decay-causing fungi the retardation of both physiological and pathological cultures under hypobaric pressure in order to examine the deterioration. The effect of hypobaric conditions on possibility of a direct effect of such conditions on fungus physiological and biochemical processes in fresh produce growth and development. has been studied extensively (1,4, 7, 10, 11, 13). However, little attention has been given so far (14) to the responses of postharvest decay-causing organisms to these conditions. The reduction in pathological deterioration under hypobaric conditions could be the result of: (i) fruit
The effects of hypobaric pressurewere tested on the being less prone to fungal attack; or (ii) a direct effect on following fungi: Botrytis cinerea Pers., isolated from a fungal growth and development, rotting strawberry; Alternaria alternata (Fr.) Keissler, Inhibition of fungus spore germination and growth at isolated from tomatoes; and Diplodia natalensis P. E., low oxygen levels was demonstrated in the early studies of Penicillium digitatum (Pers.) Sac;., and Geotrichum Brown (3). These results were supported by reports cited candidum var. citri-aurantii (Ferr.) R. Cif. & Cif. by Cochrane (5) and others (9, 12 a 10 4 /ml spore suspension or the edge of a colony containing both mycelium and spores was used. microscopic examination. The data presented in this The effect of hypobaric pressure was studied on both study are the means of nine replicated experiments. inocula and 2-day-old colonies cultured previously at atmospheric pressure. Petri dishes with the isolates to be RESULTS tested were placed in 10-liter vacuum desiccators maintained at 23 C and continuously evacuated by means Spore germination and mycelial growth of the fungi of a vacuum pump. Water-saturated air or pure oxygen tested were inhibited when the inocula or 2-day-old was admitted to the desiccators through a Matheson colonies were exposed to hypobaric pressure. Inhibition Model 45 vacuum regulator, previously calibrated with a of growth was exhibited by induction of a lag period in the Hg manometer. This regulator maintained the selected growth curve, reduction in growth rate, and subsequent vacuum. Incoming gases were humidified at the reduced delay in sporulation. The degree of inhibition increased pressure. The hypobaric pressure levels tested were 150, with the decrease in pressure below 150 mm Hg. 100, 50, or 25 mm Hg. Cultures grown at atmospheric Reducing the pressure from 760 to 150 mm Hg did not pressure (760 mm Hg) were used as controls. In some alter the rate of growth and had no effect on spore cases, fungi were held at atmospheric pressure and germination ( Fig. 1, 2 ). Further reduction in pressure, to ventilated with a water-saturated air mixture having an 100 mm Hg, inhibited spore germination in the case of P. oxygen tension of 0.008 atmospheres, which is similar to digitatum only (Fig. 1) . Colony growth at 100 mm Hg was that at 50 mm Hg with air ventilation. Oxygen content in inhibited by 25% in cultures of P. digitatum, and by 20, the desiccators was monitored and analyzed with a 10, and 5% in A. alternata, B. cinerea, and G. candidum thermal conductivity gas chromatograph.
var. citri-aurantii, respectively ( Fig. 2) . No effect on Germination was evaluated by incubating 0.25 ml of sporulation was recorded at that pressure. 104/ ml spore suspension on PDA at 23 C and counting A marked reduction in both spore germination and the colonies after 5 days as described elsewhere (2).
mycelial growth was obtained when the pressure was Mycelial growth was determined by daily measurement of reduced to 50 mm Hg, when 82%, 55%, and 40% colony diameter for 8 days; sporulation was evaluated by Petri dishes containing potato-dextrose agar were center-seeded Samples (0.25 ml) of 10 4 /ml spore suspension were spread on with fungal inocula containing mycelium and spores. Seeded petri dishes containing PDA and placed in vacuum desiccators at petri dishes were placed in vacuum desiccators at various various pressure levels and 23 C. Colony formation was pressure levels and 23 C. Growth (colony diameter) was recorded determined on the 5th day after seeding. Results are means of on the 5th day after seeding. Results are means of nine replicated nine replicated experiments, experiments.
PHYTOPATHOLOGY [Vol. 67 inhibition was observed in cultures of P. digitatum, B. partially reversed the growth inhibition (Fig. 3) . cinerea, and A. alternata, respectively (Fig. 1) . However, Transferring the cultures from hypobaric to atmospheric no effect on spore germination was obtained with G. pressure after the 3-day treatment period resulted in rapid candidum var. citri-aurantii at that pressure. Under 50 radial growth; rates were similar to those of controls held mm Hg, sporulation was delayed by 2 days in cultures of continuously at atmospheric pressure. Growth (% of control) at: cinerea, and A. alternata but only a 5% inhibition in the case of G. candidum var. citri-aurantii (Fig. 1) Petri dishes containing 48-hr-old fungal colonies grown on fungal inocula and placed for 3 days in vacuum desiccators at 50 potato-dextrose agar at atmospheric pressure ('") were placed mm Hg (--). After 3 days at 50 mm Hg, the cultures were for 4 days in desiccators held at 50 mm Hg (-) and returned transferred to atmospheric pressure (760 mm Hg) for 5 days (--).
60-
to atmospheric pressure (760 mm Hg) for 2 days (-'-). Colony Colony diameter was measured daily. Results are means of nine diameter was measured daily. Results are means of nine replicated experiments, replicated experiments.
duration of the reduced pressure treatment from 3 to 8 effect of simultaneous reduction of 02 and CO 2 tension days had almost no further pronounced effect on the lag and perhaps the acceleration of the escape of volatile period and, after a 3-to 4-day lag period, slow but steady compounds from within the tissue may account for the rates of growth were observed in all fungi at 50 mm Hg.
pronounced inhibition of fungal growth under subWhen cultures were held at atmospheric pressure (760 atmospheric pressure. mm Hg) but with oxygen partial pressure of 0.008
The fact that all fungi exposed to hypobaric pressure atmospheres (which is similar to the 02 prevailing at 50 resumed normal growth after being transferred to mm Hg with air ventilation), mycelial growth recorded atmospheric pressure suggests that no irreversible was higher than that observed at 50 mm Hg and ranged damage to the fungi was caused by the treatment. This from 55% to 100% of the controls on the 8th day of indicates a fungistatic and not a fungicidal effect. treatment (Table 1) .
The results support previous findings (14) and suggest Transferring 2-day-old colonies, cultured at 760 mm that if hypobaric pressure storage is to be used for control Hg, to a pressure of 50 mm Hg with air ventilation, reof common postharvest decay fungi, pressures below 50 sulted in a marked fungal growth retardation (Fig. 4) . Almm Hg would be required. The host-pathogen response, most no measurable growth of P. digitatum, B. cinerea, however, may differ somewhat from the response of the A. alternata, or D. natalensis was recorded for the entire pathogens in culture. 4-day treatment period at the reduced pressure, whereas substantial growth of G. candidum var. citri-aurantii was recorded after a 2-day lag period. Admission of 02 to the cultures held at the hypobaric pressure partially reversed I. BANGERTH, F. 1974 . Hypobaric storage of vegetables. growth inhibition. Normal growth rate was resumed with Acta Hortic. 38:23-28. all fungi tested upon returning cultures to atmospheric 2. BARKAI-GOLAN, R., R. S. KAHAN, and R. PADOVA. pressure (Fig. 4) .
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